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PROTECTION OF HEMOPOIETIC CELLS DURING CHEMOTHERAPY OR RADIOTHERAPY 

BackcnrouTKl of ^hft Tn^^^nttgn 
Acute and chronic bone narrow toxicities are the 
aajor limiting factors in the treatment of cancer. Thev ar« 
both related to (i, a decrease in the number of hemopoietic 
cells (e.g., pluripotent stem cells and other progenitor 
cells) caused by both a lethal effect of cytotoxic agents or 
radiation on these cells and by differentiation of stem 
cell. provoJced by a feed-bacJc mechanism induced by the 
depletion of more mature marrow compartment, and (2) a 
reduction in self-renewal capacity of stem cell., which is 
also related to both direct (mutation) and indirect (aging 
Of .t«. cell population, effects. Acute -yelosuppression as 
« consequence of cytotoxic chemotherapy i. well recognized 
a. a dose-limiting factor in cancer treatment. Although 
other normal tissues may be adversely affected, bone marrow 
is particularly sensitive to the proliferation-.p*cif ic 
treatment such as chemotherapy or radiotherapy. 

Angiotensin l-Conv«rting Enzyme (ACE) (peptidyl 
dipeptldase A, kinlnase li, ec 3.4.15.1, is a zinc- 
f^r^**^' «-boxypeptidase, whose major physiological 
function is to cleave the C-terainal dipeptide of 
angiotensin I (ai, leading to the production of the potent 

Med. 103:295 (X956„ . A. .hown by vitro a.says/ 

inactlvmtlon of the vasodilator hradyJcinin, which is 
inactivated by the characteristic C-terminal dipeptidic 

K^ iL '^ ^— activities explain the predominant role of 
ACE in the regulation of blood pressure and the «ct«,sive 
u.. Of ACE inhibitors in antihypertensive treatment 
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Summnrv of the Invention 
The present invention relates to a method of 
promoting regeneration of hemopoietic cells in a subject 
undergoing chemotherapy or radiotherapy. 
5 In one aspect, the present invention features a 

method of promoting regeneration of hemopoietic cells in a 
subject undergoing chemotherapy or radiotherapy, tbe method 
comprising administering to the subject an angiotensin- 
converting enzyme inhibitor, the euaount being effective to 

io reduce the proliferation of hemopoietic cells during or 
after the chemotherapy or radiotherapy. 

In one embodiment, the method further comprises 
administering to the subject a hemopoiesis gro%/th factor 
after the administration of angiotens in-converting enzyme 

15 inhibitor and chemotherapy or radiotherapy, the amount being 
effective to stimulate the proliferation or differentiation 
of hemopoietic cells. 

As will be fxirther discussed below, by 
"* chemotherapy* is meant a process of killing proliferating 

20 cells using a cytotoxic agent and by **radiotherapy* is meant 
a process of killing proliferating cells by using 
irradiation. The subject may intentionally or 
unintentionally be exposed to said cytotoxic agents or 
irradiation* The phrase "during the chemotherapy* or 

25 "dturing the radiotherapy* above refers to the period in 
vhich the effect of the administered cytotoxic agent or 
irradiation lasts. On the other hand, the phrase *after the 
chemotherapy* or *af ter the radiotherapy* above is meant to 
cover all situations in which an angiotensin converting 

30 enzyme inhibitor is administered after the administration of 
a cytotoxic agent or irradiation regardless of any prior 
administration of the same or another angiotensin converting 
enzyme inhibitor and also regardless of the persistence of 
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the Tfct Of the administered cytotoxic agent or 
irradiation. 

. K w- "'i"""!" conv.rti„, .nzy». inhibitor cace 

ofxc^ r^.^f *° »ubstrat.«. E,a»pi,. 

Of *CE ix^ibitor. inoiud., but are not ii.it«J to 
lisinoprxi. captopril, .naiaprii, and fosinoprii. 

Examples ot a heaopoiasis growtb factor vhleh r.. ^ 

io zTui: r^jT.r -^^^ tt 

10 limited to, cytokines or agonists thon««^ 

.ynthatic or ^ifi.. intJialLT^ 'xI-T x'LrT'' 

.ti«.l.ting taetor), GH-csp a..., granuloeyt,/ ^.^^^^ 
coionv .ti.ux.tin, factor, . arytbrop^Iiatir^tl^nr 
15 factor, and l.uk«.l. inhibitory factor. 

In one wabodiMnt of this Mthod the .uhl.^ . 
u^.r,oin, che^therapy vith a cytotoxic' a^^t ^7 

cytotoxic .,.nt. i. „ 
proliferatin, celx., ^ ..^^.^ ^^^^ 

=«X.. or h««,poi.tio progenitor cexi.. .^"^ 
c^toxic .,^t Which c«. be to pracHTth. ^ 

-^od i^iude, but «r. not Xi.ited to, cyclophoep^. 

c':::j:t^r'!!i=*:!:j:"-^^^^ 



20 



cl.pl.tln«», i^thotrexate cvtl-T -«^«ycln, 
25 C, prednlso;., vJlT^ 'e^^:* ^^^^r^-*' "^^-^^^^ 

«n also be an antiviral agent^T^'xJ^ cvt^otoxlc .gent 

3'-d.oxythy«ldln.) i„ JJ^ *' ^ 

xw4jruunei. m another «abodlaent of thi. .^ok^ 

tl« -ubject i. u^iergoin, radiotherapy. Kot^ T^' 

r^«%:i'c'^:Lror'':^\'::::,^^^ - of 

ohXy expoeure to pot.nrii"r^-- ^tZZT 
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The ACE inhibitor can be administered prior to 
during, or aubsequent to the chemotherapy or radiotherapy 
(i.e., prior to, during, or subsequent to the administration 
of a cytotoxic agent or irradiation) . It is preferred that 
a hemopoiesis growth factor be administered subsequent to 
the administration of the ACE inhibitor. Note that the 
timing of when to administer an ACE inhibitor depends on the 
half lifa of the compound, the duration of its inhibitory 
activity, the administration route, etc., as well as the 
conditions of the chemotherapy or radiotherapy (e.g., the 
half life of the cytotoxic agent which i. used in 
chemotherapy) . 

The effective amount of the ACE inhibitor or growth 
factor used to practice the present invention varies 
depending upon the manner of administration, the age and the 
body weight of the subject, and the condition of the subject 
to be treated. Ultimately, it will be decided by the 
attending veterinarian or physician. Any such amount of the 
ACE inhibitor or the growth factor as determined by the 
attending veterinarian or physician is referred to herein as 
"effective amount". 

Also note that the ACE inhibitor and the hemopoiesis 
growth factor may be administered by any route appropriate 
to the condition being treated. Preferably, it is 
administered orally or injected into the bloodstream of the 
subject being treated. However, it will be readily 
appreciated by those sJcilled in the art that the route, such 
as intravenous, subcutaneous, intramuscular, 
intraperitoneal, nasal, oral, etc., will va^ with the 
condition being treated and the activity of the compound 
being used. Note that continuous administration using a 
subcutaneous infusion pump may be desirable when the 
compound to be used has a rather short half life or laclcs 
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include the stieo H^* / Phamacy. All methods 

a==««ry i„^«,i.„,.. ".I^^^^ =«.«tut.. on. or .or. 
t^X.t. or powder, ar. =^ ror«mation. for 

t.. proauc; ^.o Z'.ii^""'- 

In one eabodlaent ^ "lae. 

b«opoi..i. inhibitory r.otor JZ^lXl' ^' 

or durin, th. .AUni.fa-r^f ««taini,t„«i prior, 
T» . i . """"i.tration of th. ace <i.hi>.i^ 

to th. .-^i.tr.tiTors."^-:::,",.':,-*---"- 

>.«opoi„i. inhibitory factor^I^ -f^' " ' 

^. .bov. ..thoa inoi„d.. but ^.tt^^'Ttr: '° 

tr««fona„, growth r.ctor „ . li-ited to, . 

in««»itory prot.i„ TZL • ««opha,. 

------p-c;.%:, r:^rr:r ';r; f"°" 

. tran.ror.in, growth factor ^ ll ^IT". '"^""'- ""^ 
-~nt an analog ,with on. or ^TJZT^ i. ' """"'-t. 1. 
fr.g«nt of that factor with ■«*"l«tion.) or a 

1-.-. inhibiting th. prou^aw' ! k 

iir«ration of hmiopoi.tie cli,. 
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Other f aatures and advantages of the present 
invention will be apparent from the following drawings and 
description of the preferred embodiments, and also from the 
appending claims. 

Detailed nescript^^nr, of Tn '^fntirn 
It is believed that one skilled in the art can 
based on the description herein, utilize the present 
invention to its fullest extent. The following specific 
•abodiments are, therefore, to be construed as merely 
illustrative, and not limitative of the remainder of the 
disclosure in any way whatsoever. 

Unless defined otherwise, all technical and 
scientific terms used herein have the same meaning as 
commonly understood by one of ordinary sJcill in the art to 
15 Which this invention belongs. Also, all publications, 

P«t«»t applications, patents, and other references mentioned 
herein are incorporated by reference. 

EJcamples of anglotens in-converting enzyme (ACZ) 
inhibitor, include -ulfhydryl-contalnlng inhibitor, (e.g., 
20 captopril, fentlapril, pivalpril, zefenopril, ano- 

alacepril), dicarboxyl-containing ACE inhibitor, (e.g., 
•nalapril, li.inopril, b^izepril, indolapril, p^itopril, 
indalapril, and clarlapril) , and phosphorus-containing ACE 
inhibitor, (e.g., f clnopril) . Jaclcon, et al.. Renin and 
.5 Angiotensin in Goodman * Cilman'. The Pharmacological B..1. 
lU'^y^'"''^'^' (Mccraw Hill, 

The hemopoiemi. growth factor which can be u.ed to 
practice this invention is a compound capable of stimulating 
the proliferation of hemopoietic cells, such a. cytokines. 
Preferred cytokines include interleukins, GM-CSF, and G-CSF. 
E.g., see R. Van Furth (ed.). Hemopoietic Growth Factors and 



30 
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Mononuclear Phagocytes (Karges 1993, ^ 
Cited in the preceding para^aph 

Profctiv. an., r^.o Jt^ve . jiVc,?"" .^"""^ he.opoUtl. 
S i«.««io„ U«,i 

««:24*3, i,as) or in concert with hi r-munol. 

f Blood 74 •^^S? 

chamotherspeutio Orugs such as c»^i t '"^ 'gainst 

XO al.. J. i4S..4i21."°;„ •<= 

(XanUcava, s. . .t aX., ^. HilTt:' r!*.""" ^"•«'^-"»" 
scjiuanin,, P.O., .t ai bIoJ^! ' 
X5 vitK ch«oth.rapa„tic « '-"t^nt 

"»'; Hexte, It., at ax j ^ Sci. dsa 84:7X34, 

W.XX a. in triaXa'isLa^- • " 

Traat. r.v. x7 = 77, xmo; Gi.™,i "„ ' T T ' 

JO 0«=oX. a:7««, X990). ' ="■»• 
Por axajipxaa of haropolaai. 

•1.. St«. C.XX. XXI4J2 fi,,,,. I t . "obiMon. .t 

(»«,,. anc Moor. ::'.r'*3T:!' 

5 th. «thod Of thi. i-^^^tro^', '"'"^ 

=b«ot..r.p^, ^. cytotoxiH^::: ZT"^ ^ 

^cxophoapw^a, taxox, <uJ.ZxTi^ T.^"^ 
•*l.-ycin, oiapxatinu., -tho^riT'^ 

-ito-ycin c. pr«l„iso„,, vl^jasT!! ' «U.i«,.ia., 

' vincriatin.. T.. cytot^in:^:';^^:^ 

«»Pound Which i, capahXa of L.I ^ ^ "tiviraX 

'or a ganaral di«=„„io„ of cyn^^r"""""""""' 

cytotoxic agents used in 
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Chemotherapy, see Sathe, M .t- *i ^ 

Th« method ol this invention can also b. aonn-^ . 
radiotherapy, vhich «y comprise o( either .» ^ . 
S particles, ^ampie, o, ionUin, IL^Z'ZTl^TZ " 

raT Zll' '""'""^ include axX 

ZLtT 'l-trons, and protons. 

^11 oT r -^.rnally or internally 

Examples o( external radiotherapy include x-ray units oL 
10 ray units, electron beams, and neutron beams. \2t^x 
^dlotherapy include, both sealed and unsealed 
^l..^t sealed sources include cobelt beam 
ZltZ Iom""'*!' •PP"^^", yttriu:^;d. or 

^osphorous, r •sr::iteTT 

Radiotherapy fchurchlii * Walter, J., cancer and 

rapy (Churchill Livingstone 1977); Ed, it J Mew-iw 

The scientific Basis o. Kodern Radlothera;y^Brr;rsh ^' 

Institute of Radiology 19891 • (British 
10 G Pairk^r T,.^. ^/ ^' ^ BuschJce and Robert 

tw parxer. Radiation TheraDV in ^fi^... » 

Stratton 1972) . Kanage-ent (Grove « 

in one e«bodiaent of this invention, the subject 

T^^Z ^"'•^ ^••^•^^ — to 'tit 

5 inv^^tlon. Preferably, a subsequent cycle 

"'^ "'^•^ administration of thrhemop^LI. 
ZTCto^T: t-^i-ted and the subject'.^i::. 

cell counts (e.g., white blood cell eou«*.i », 

a'ttt^r"""' -v"",aT:: e::;:^-^"^ 

^^I! r " X""otIer 

irradiation. ^ ^° * i^««dous level of 
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Por obvious reasons, the method of this invention 
can also be applied to treatment in which radiotherapy and 
chemotherapy are performed in conjunction 

5 sJcilled^liTr^ 'r^"" elaboration, it is believed that on. 

5 skilled in the art can, based on the description herein, 
utxlize the present invention to its fullest extent The 
following specific example is, therefore, to be construed as 
-erely illustrative, and not limitative of the remain^:: of 
the disclosure in any way whatsoever. 

10 ASSAY 

K». v^."^ ^^""^ Laboratory, wil.i„,to„, 

KA) w«.^«posad to 2 Gy Nhol.-Body r-irr.di.tlo„ (CIS Vlo 
lnt^.tlon.1 IBI. «7C »'ca r-radl.tio„ .ourc, Gir-Sur- 
Y«.tt., Fr,™:.; do,, rat,: 4.S6 Gy/»i„, r«:.iv«J on. 

-!rH.r r " <" "-i^prii ^/v, body 

-.X9ht in ,.Xin. v.hicl.. Approprl.t. .alln. lnj.!t«. 
control. „.d. *t .p,cl«c tl«, .,t«r irradiation 

«:rtr' <=«-^"l ..i-locatlon. th. thorac c 

oavxty v.. rapidly «,t„«i. th. h..rt punctur.,, a»l blood 

b.parin at ..c and =.ntriru,«. at ,000 rp- ror 15 .in. . anT 
Pl.«a wa. r«iov«J, aliquofd, and Jrox«, ,-2o.C) 

Ih. ritro prolir„ativ. pot«tial colony- 

s ror^ cll ...ay. (BPP-cre, v«. carri.d out a. d.^ib.d 
previously (McNiece t -4- ^ ^ ««- «» aescrioed 

'"^ control aalin. tr«at«l and 

lisinopril tr.at«l mic. (2.io« cii.,.,, ,, 

■ ixra-iatad .alin. treat J a^: Z^rLZ^T^T 

«rum ana 0.3% melted agar, were aliquoted over a 

- 9 - 
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0.5% r undarlayar, supplemented with WEHI and L929 
cond. i Bediua used as a source of interleukin 3 and 

macropaage colony stimulating factor. Cultures vers 
incubated for 14 days at 37ac, under 5% co^ in air fully 
humidified atmosphere, and HPP-CFC derived colonies (>o 5 
™b) in the cultures were counted. The proportion of HPP-CFC 
in S Phase was determined by incubating cells with cytosine 
arabxnoside (250 ^g/ml) for 1 hour prior to plating. 

A mean of between 10-20% of HPP-CFC in S phase was 
Observed during the first 12 hours following irradiation of 
the mice Whereas a significant increase of the proportion 
Of cells in DHA synthesis (33% in S phase) occurred after 24 
hours. The proportion of hpp-cfc in s phase was still 30% 
after 72 hour.. When li.inopril was administered at one 
hour following irradiation, the proportion of hematopoietic 
stem cella in S phase determined after 24 hours was 
identical to the value obtained in control .«li„e .ice. 

The foregoing description has been limited to 
specific embodiments of this invention, it will be 
apparent, however, that variation, and modifications may be 
iwde to the invention, with the attainment of .ome or all of 
the advantage, of the invention, such embodiments are also 
within the scope of the following claim.. 

What i. claimed is: 
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I. A method ot proBotln, reg«n«ratlon of 
h«opol,tlc C.11, 1„ a undergoing che«,th.rapy or 

radiotherapy, .eld method co.prlslng ad-i„l«t.rin, to the 
•ubject an angiotensin-converting enzy«e Inhibitor Mid 
amount being effective to reduce the proliferation of 
ra'::^:::::^:"" - chemotherapy or 

further comprleee admlnieterln, to the eubjeot a h«.opol«.i. 
^rovth factor after ..Id adminl.tr.tlon of anglotemU^ 
converting enzyme inhibitor a«l chemotherapy or 

o^lTr^T' -«ectlve to etimulat. thi 

proliferation or differentiation of h«iopoieti= cell.. 

i. * method Of claim l, wherein ..id «.giot«,.in- 
»d"r:::L":py':'^ " -.^nLtered during chemothUror 

r=^.— -^^^ -z:^- 

co_^ —-^tori? — ^ri.rr-^"- 

«. TU« aethod or claim 5 vhmr^^^r* 
undergoing ch«.oth«rapy viti. a T '""^ 

cytotoxic a«««^ i f <=ytotoxic agant, wherein said 

cytotoxic agent is cyclophosphamide, daunorubicine, taxol, 
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4 

5 
6 



3 
4 

5 
6 

1 
2 
1 
2 



1 
2 



S-fluorouracil, adriamycin, clsplatinum. m^thotrexat:* 
carboplatlnua, AZT, or vincristine vindasine. 



1 7. The method of claia 5, wherein the subject is 

2 undergoing radiotherapy. 

1 8. A method of claim 1, wherein said method further 



^ 9. The method of claim 3, wherain said angiotensin- 



2 undergoing chemotheracyv with * ^,4.^^^ ^ is 

cvtoto^i. * cytotoxic agent, wherein ..Id 



cytot^^ic .g^t is cyclophosphamide, d^ ::;^:;i:r:L"o:: 

Wluorouracll, adri^ycin, cispl.tlnum, methotrexite, 
cyto.in. arabincide, mitomycin c, prednLone, vinde.Lxe 
carboplatinum, AZT, or vincri.tine. xncie.ine, 

11. The m.thod of claim 9, wherein the .ubject i. 
undergoing radiotherapy. »«o3act i. 

12. A method of claim 3, wher.in said method 



further comprise, administering to said subject a 



hemopoieei. inhibitory factor. 



13. 



Tha method of claim 2, wherein said he.opoie.ls 



growth factor is a cytokine. 
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3 
4 

5 

1 
2 

1 
2 
3 
4 

5 
6 

1 
2 



»"9i°<=.„ai„-conv,rtl„, „zy»e Inhibitor 1. cptopril 



3 
4 

1 
2 

1 
2 
3 
4 

5 



f.nti.pril, plvalpriX. z.f.noprii .no al! ""^r""' 

usinoprii. ..„..p,,,, :::crr:n^;,:™^' 

ciazlapril, and fosinopril. ^^^prxi, 

cytotoxic aa^nt f cytotoxic agent, wherein said 

cytotoxic agent is cyclophosphamide, daunorubicine taxol 
5-fluorouracil, adriaaycin ei««i,*.< ^^^cine, taxol, 

=yto,l„e „ablno.ld., Lt«y:irc ""r:,"""''""'*' 



further co.prl.e, ad-inistering to said subject a 
hemopoiesis inhibitory factor nrl^^ v ^'^^'^^ * 
Of .aid hemoool^^. !f^''^'''^ "^'^ administration 



of «iid hemopoiesis growth factor. 

20. Th. ..thod Of eial. 19, wl,«r.ln ..Id 
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1 21. Th* ■•thod of claia 20, wharain .aid 

2 hemopolasls growth factor is G-CSF or GM-CSF. 



1 22. 

2 - 



3 
4 

5 
6 



The method of claia 21, wherein the subject Is 
undergoing chemotherapy with a cytotoxic agent, wherein said 
cytotoxic agent is cyclophosphamide, daunorubiclne, taxol, 
5-fluorouracll, adriaaycin, cisplatinua, methotrexate, 
cytoslne arabinoslde, aito»ycin c, prednisone, vindeslne 
carboplatinun, AZT, or vincristine. 

1 ^ ■•^^i Of clai« 21, wherein the subject 1. 

2 undergoing radiotherapy. 



1 The .ethod Of claia 4, said method further 

2 -o»P^i»«« administering to said subject a h«.opolesl. 

3 inhibitory factor prior to said administration of said 

4 hemopoiesis growth factor. 
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